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Objective: To evaluate the retail sales of pressurised metered-dose inhalers (pMDIs),
dry-powder inhalers (DPIs) and liquids for nebulisation in 16 European countries.
Methods: Retail sales data relating to pMDIs, DPIs and liquids for nebulisation delivering short-
and long-acting bronchodilators, corticosteroids and combinations between 2002 and 2008
were obtained from the IMS sales database. The IMS database ensured that wholesalers’ stock
sales accurately matched that of retail pharmacies and included purchases by panelof Internal Medicine, Section of Immunoallergology, Respiratory Diseases and Cell Therapy, University
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1100 F. Lavorini et al.pharmacies directly from pharmaceutical manufacturers, specialist wholesalers and distribu-
tion cooperatives.
Results: Mean inhaler retail sales (expressed as percentages of total sales) were 47.5% for
pMDIs, 39.5% for DPIs and 13% for nebulisers. The distribution of inhaler sales differed signif-
icantly between the countries with pMDI sales greatest in the United Kingdom and Hungary
compared to other countries, where DPI sales prevailed. Sales of nebulisation liquids were high
in Italy. The pMDI was the most frequently prescribed inhaler for bronchodilators. In contrast,
retail sales of DPIs were similar to those of pMDIs for inhaled corticosteroids, and higher in the
case of inhalers with combined long-acting b2-agonist and corticosteroid.
Conclusion: We found a high degree of variability in inhaler prescription between European
countries. Differing health policies, costs, health insurance issues, pharmaceutical/commer-
cial aspects and prescribers’ and patients’ preferences may explain this variation. We suggest
a need for more uniform, outcome-led inhaler prescribing practice across Europe to improve
the efficacy and cost effectiveness of the treatment of obstructive airways diseases.
ª 2011 Elsevier Ltd. All rights reserved.Introduction
There are more than 230 different deviceedrug combina-
tions available in Europe1 for inhaled therapy of respira-
tory conditions, particularly asthma and chronic
obstructive pulmonary disease (COPD). Although variety
helps with finding an inhaler to suit every patient, for
prescribers it complicates choosing a device and keeping
abreast of what is available and how to use it. Incorrect
inhaler usage may partly explain why many treated
patients continue to report symptoms. Inhaler misuse is
extremely common2e4 and may partly explain why many
patients treated with potentially effective inhaled therapy
continue to report symptoms.5,6 Marketed inhalation
devices can be broadly classified as pressurised metered-
dose inhalers (pMDIs), dry-powder inhalers (DPIs) and
liquids for nebulisation. The efficiency with which these
devices deliver inhaled medications to the lower respira-
tory tract is influenced by a multitude of factors, including
their design and characteristics, the formulation (i.e.
solution, suspension) of the contained medication, the
particle size and velocity of the aerosol produced and the
ease with which patients can perform the required critical
steps to use them properly.7 In addition, even with correct
inhalation technique, lung deposition for different inhaler
devices varies greatly from 4% for beclometasone deliv-
ered by chlorofluorocarbon-propellant MDIs to 53% for
extra-fine beclometasone delivered by CFC-free hydro-
flouroalkane-propellant pMDIs.8 Patient preference is
important because it may influence adherence to treat-
ment.7 It is clearly pointless to prescribe an inhaler device
which the patient will not, or cannot use correctly. Thus,
choosing the correct inhaler for each patient is just as
important as choosing the most appropriate medication.
Prescribing is a major element of the delivery of primary
healthcare and prescribing practice varies considerably
across Europe9 at many levels, from the organisation of
national health services to the environment and expertise
of individual prescribers.10 Many other influences such as
demography, morbidity and practice policies have been
shown to influence prescribing habits.10 In some countries,
primary care prescribing is led primarily by cost.11 Phar-
maco-epidemiological analysis is difficult when single drugsare used for a wide variety of indications; however, inhaled
medications are mainly used for a limited and relatively
well defined set of indications, (asthma and COPD)
according to management guidelines which are broadly
uniform across Europe, making comparison feasible.
To investigate how far national prescribing practice for
inhaled drugs varies across Europe, we assessed European
retail sales data for inhaled medications delivered by
pMDIs, DPIs, and liquids for nebulisation commonly used for
the treatment of asthma and COPD.
Methods
Data source
We retrospectively evaluated in 16 European countries
retail sales of short-acting b-adrenergic (SABA) and anti-
muscarinic (SAMA) bronchodilators, long-acting b-adren-
ergic (LABA) and anti-muscarinic (LAMA) bronchodilators,
inhaled corticosteroids (ICS) alone and fixed combinations
of LABA with ICS using the IMS Health databases.12 Retail
sales of inhalers delivering sodium cromoglycate and
nedocromil sodium were not evaluated. IMS is an interna-
tional healthcare information company specialising in the
collection and interpretation of anonymised health infor-
mation, and often the only source of information on
aspects of medicine utilisation across the world.12 Its
databases represent an invaluable source for pharmaco-
epidemiological studies. For the present study, we used the
IMS DPM audit (database) covering inhaler sales data for 7
years (2002e2008) in Austria, Belgium, Denmark, Finland,
France, Germany, Hungary, Italy, Netherlands, Norway,
Poland, Portugal, Spain, Sweden, Switzerland and United
Kingdom. For each country, the data included supplies
by all wholesalers as well as those directly supplied by
manufactures to a representative panel of approximately
4000 pharmacies.12
Data analysis
Annual inhaler retail sales of inhaler units by country over
the 7 years were averaged and expressed as percentages of
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defined as a single inhaler; for liquids, a unit was defined as
a single package of nebuliser solution. Differences in total
retail sales between countries were assessed using the chi-
squared test and analysis of standardised residuals.
Differences between pMDIs, DPIs, and liquids sales were
assessed using analysis of variance followed by Dunn’s
multiple comparison test. Since LABA and LABA þ ICS are
not available as liquids, sales of pMDIs delivering these
drugs were compared using Student’s t-test. In all cases,
P < 0.05 was considered as significant.Figure 1 Panel A: Total units sold over the time period 2002e2
percentages of the total sales, in 16 European countries over the ti
DK, Denmark; E, Spain; F, France; FL, Finland; H, Hungary; I, Italy;
Poland; S, Sweden; UK, United Kingdom. Panel C: Mean (SD) retail
(SABA) and anti-muscarinic (SAMA) bronchodilators, long-acting b
inhaled corticosteroids (ICS) and combination of LABA þ ICS expre
period 2002e2008. pMDIs, pressurised metered-dose inhalers; DPIsResults
During this 7-year period, the total number of pMDI and DPI
units sold were significantly (P < 0.01) higher than those of
liquids for nebulisers (47,5%, 39,5% and 13% of the total units
sold, respectively, Fig. 1A). The distribution of units sold
significantly (P< 0.01) differed between the countries, with
pMDI retail sales greatest in the United Kingdomand Hungary
compared to the other countries in which retail sales of DPIs
prevailed (Fig. 1B). The sale of liquids for nebulisation was
significantly (P < 0.01) higher in Italy (Fig. 1B) than in the008. Panel B: Retail sales of inhalation devices, expressed as
me period 2002e2008. A, Austria; B, Belgium; CH, Switzerland;
D, Germany; N, Norway; NL, The Netherlands; P, Portugal; PL,
sales of inhalation devices delivering short-acting b-adrenergic
-adrenergic (LABA) and anti-muscaric (LAMA) bronchodilators,
ssed as percentages of the total retail sales, during the time
dry-powder inhalers. ), P < 0.05; )), P < 0.01.
1102 F. Lavorini et al.other countries. Dividing sales by type of medication, pMDIs
were most frequently (P < 0.01) prescribed for bronchodi-
lators, pMDIs and DPIs were prescribed with an approxi-
mately equal frequency for ICS alone while fixed
combinations of LABA þ ICS were much more frequently
(P< 0.01) prescribedas DPIs than pMDIs (Fig. 1C). Repartition
of devices delivering specific inhaledmedications (i.e. SABA,
SAMA, LABA, LAMA, ICS and fixed combination of LABA plus
ICS) across European countries is reported in Fig. 2.Discussion
With rare exceptions (for example in cases of emergency)
inhaler sales in Europe result from doctors prescriptions.
Assuming that inhaled therapy is prescribed for asthma and
COPD according to roughly concordant national guidelines
across Europe, with inhaler prescriptions matched to indi-
vidual patient needs and ability, it follows that these should
be roughly equivalent across Europe. Our findings, however,
demonstrate this is not the case. The pMDI is widely
prescribed in Europe, most likely because of its low cost and
widespread availability of medications delivered by such
inhaler. This is paradoxical when one considers that this
device is often used incorrectly by patients.2 A series of
studies performed by Crompton et al.13e15 and others,2,16
suggested that only about 20% of patients use a pMDI
correctly after simply reading the package insert, while only
just over 50% are able to do so even after specific instruction.
These data raise concern that local prescribing may not be
influenced primarily by the ability of the patient to use the
prescribed device, but by other factors such as cost,
marketing strategies and prescribers’ and patients’ biases.
The choice of the device is also influenced by the knowledge
and ability of the prescriber to use the device. It has been
shown about 50% of respiratory nurses, medical doctors andFigure 2 Repartition across European countries of inhalation dev
LABA þ ICS expressed as percentages of the total retail sales overrespiratory therapists were unable to use inhalation devices
correctly.17e19 Various explanations may account for this
such as lack of familiarity with specific devices, inadequate
time to teach, poor training techniques, poor training
materials, all influencing prescribers choice.
The reasons underlying the relatively high sales of devices
delivering SABA/SAMA in some countries are unknown. These
may reflect poor disease control in those populations;
however, thismay also reflect prescribing patterns in keeping
with locally used asthma/COPD self management plans.
Despite the overall predominance of pMDI sales, DPIs sales
are high in many European countries and sales of inhaled
liquids for nebulisation particularly in Italy (approximately
45% of the total Italian sales). The latter findingmight reflect
high prescriptions of nebulised corticosteroids (see Fig. 2,
panel B), likely for acute respiratory illnesses other than
asthma or COPD, particularly in children.20
There are some obvious limitations when interpreting the
data in the present study. The figures take no account of
possible differences in the prevalence of asthma and COPD
and the characteristics (i.e. age, severity of the disease) of
affected patients in European countries, or the possibility
that some of the prescribing was for diseases other than
asthma or COPD. In addition, retail sales do not necessarily
equate to individual patient prescriptions; however, due to
the nature of the database used in the present study, it was
not possible to accurately estimate daily defined dosages for
the different device/drug combinations. This is clearly
a subject for future research if we are to learn from the
different approaches throughout Europe.
The nature of the IMS database analysed for this study
did not allow us to differentiate between sales of breath-
actuated and simple pMDIs. This may be a topic for further
study, particularly, if these differences could be related to
asthma outcomes. Despite these limitations, we believe
this study is of interest in highlighting the variability inices delivering SABA/SAMA, LABA/LAMA, ICS and combination of
the time period 2002e2008. See Fig. 1 for abbreviations.
Inhaler sales in Europe 1103inhaler prescribing practice across Europe and the
dichotomy between the relative proportions of devices
prescribed and those most likely to be used properly. The
data suggest a need for more uniform, outcome-led inhaler
prescribing practice across Europe, and for better educa-
tion about the advantages and limitations of specific
devices for prescribers and patients in order to improve the
efficacy and cost effectiveness of the treatment of
obstructive airways diseases. Perhaps, this improvement
could be achieved through more attention by guideline
developers to implementation of guidelines.Conflict of interest statement
Peter J. Barnes has been reimbursed for attending confer-
ences and/or giving talks by, and acted as consultant for
Altana/Nycomed, AstraZeneca, Boehringer Ingelheim,
GlaxoSmithKline, Novartis, Pfizer, Meda AB. Chris Corrigan
has been reimbursed for attending conferences and/or
giving talks by, acted as consultant for Schering-Plough,
Allergy Therapeutics, Meda AB, UCB Pharma,
GlaxoSmithKline Novartis, ALK-Abello, Allergy Therapeutics
Merck Sharpe Dohme, Allergopharma Joachim Ganzer AB.
Graham K. Crompton has been reimbursed by Meda AB for
attending conferences and/or giving talks, and he serves as
consultant for Meda AB. Richard Dekhuijzen has been
reimbursed for attending conferences and/or giving talks
by, and acted as consultant for GlaxoSmithKline, Astra-
Zeneca, Boehringer Ingelheim, Zambon, Actelion, Altana,
Teva. Federico Lavorini has been reimbursed for attending
conferences and/or giving talks by, and acted as consultant
for Menarini Industrie Farmaceutiche, AstraZeneca, Chiesi
Framaceutici Mundipharma, Teva and Meda AB. Mark Levy
has been reimbursed for attending conferences and/or
giving talks by, and acted as consultant for AstraZeneca,
GlaxoSmithKline, Ivax, 3M, Novartis, MSD, Altana Meda
AB,Trinity Chiesi, Boehringer Ingelheim, Ranbaxy, Innovata
Biomedica, Schering Plough. Søren Pedersen has given talks
for Nycomed, GlaxoSmithKline (GSK) andMeda AB and acted
as a consultant for Nycomed and AstraZeneca. Nicholas
Roche has been reimbursed by Meda AB for attending
conferences and/or giving talks, and he serves as consultant
for Meda AB. Walter Vinken has been reimbursed by Meda
AB for attending conferences and/or giving talks, and he
serves as consultant for Meda AB.References
1. http://www.admit-online.info/en/inhalation-systems/
choose-device/overview-inhalation-devices.
2. Molimard M, Raherison C, Lignot S, Depont F, Abouelfath A,
Moore N. Assessment of handling of inhaler devices in real life:an observational study in 3811 patients in primary care.
J Aerosol Med 2003;16:249e54.
3. Crompton GK, Barnes PJ, Broeders M, et al. The need to
improve inhalation technique in Europe: a report from the
Aerosol Drug Management Improvement Team. Respir Med
2006;100:1479e94.
4. Lavorini F, Magnan A, Dubus JC, et al. Effect of incorrect use of
dry powder inhalers on management of patients with asthma
and COPD. Respir Med 2008;102:593e604.
5. Rabe K, Vermeire P, Soriano J, Maier W. Clinical management
of asthma in 1999: the asthma Insights and Reality in Europe
(AIRE) study. Eur Respir J 2000;16:802e7.
6. Virchow JC, Crompton GK, Dal Negro R, Pedersen S,
Magnan A, Seidenberg J, Barnes PJ. Importance of inhaler
devices in the management of airway disease. Respir Med
2008;102:10e9.
7. Haughney J, Price D, Barnes NC, Virchow JC, Roche N,
Chrystyn H. Choosing inhaler devices for people with asthma:
current knowledge and outstanding research needs. Respir
Med 2010;104:1237e45.
8. Leach CL, Davidson PJ, Hasselquist BE, Boudreau RG. Lung
deposition of hydrofluoroalkane-134a beclomethasone is
greater than that of chlorofluorocarbon fluticasone and chlo-
rofluorocarbon beclomethasone: a cross-over study in healthy
volunteers. Chest 2002;122:510e6.
9. Morton-Jones AJ, Pringle MAL. Explaining variations in
prescribing costs across England. Brit Med J 1993;306:1731e4.
10. Forster DP, Frost CEB. Use of regression analysis to explain the
variation in prescribing rates and costs between family prac-
titioner committees. J Gen Pract 1991;41:67e71.
11. National Institute for Health and Clinical Excellence. Inhaled
corticosteroids for the treatment of chronic asthma in adults
and in children aged 12 years and over. http://www.nice.org.
uk/nicemedia/live/11945/40099/40099.pdf.
12. IMS Health databases, IMS-DA: electronic medical records on
adults and children. http://www.imshealth.com.
13. Crompton G. Problems patients have using pressurized aerosol
inhalers. Eur J Respir Dis 1982;119:101e4.
14. Crompton GK, Duncan J. Clinical assessment of a new breath-
activated inhaler. Practitioner 1989;233:496e500.
15. Lenny J, Innes J, Crompton G. Inappropriate inhaler use:
assessment of use and patient preference of seven inhalation
devices. Respir Med 2000;94:496e500.
16. Hardwell A, Barber V, Hargadon T, McKnight E, Holmes J,
Levy ML. Technique training does not improve the ability of
most patients to use pressurised metered-dose inhalers
(pMDIs). Prim Care Respir J 2011;20:92e6.
17. Interiano B,Guntupalli KK.Metered-dose inhalers. Dohealth care
providers know what to teach? Arch Intern Med 1993;153:81e5.
18. Hanania NA, Wittman R, Kesten S, Chapman KR. Medical
personnel’s knowledge of and ability to use inhaling devices.
Metered-dose inhalers, spacing chambers, and breath-actu-
ated dry powder inhalers. Chest 1994;105:111e6.
19. Jones JS, Holstege CP, Riekse R, White L, Bergquist T. Metered-
dose inhalers: do emergency health care providers know what
to teach? Ann Emerg Med 1995;26:308e11.
20. Bianchi M, Clavenna A, Labate L, et al. Anti-asthmatic drug
prescriptions to an Italian paediatric population. Pediatr
Allergy Immunol 2008;20:585e91.
